Abstract
BONE GLA protein (BGP) or osteocalcin is the most abundant non-collagenous protein in mature bone. BGP is synthesized de novo by osteoblasts [1, 2] . BGP in the circulating blood is considered to be derived exclusively from newly synthesized protein and to reflect largely, if not exclusively, bone formation rather than bone reabsorption [3] . The serum BGP concentration increases with age, especially in women at the time of menopause [4, 5] . In addition, higher serum levels of BGP have been reported in patients with osteoporosis [6] and hyperparathyroidism [7] . However, no study of the effects of dietary calcium on the serum BGP concentration in healthy subjects has been done. one week. High calcium intake was achieved by prescribing asparagine calcium (3 g as calcium/ day). The subjects were asked to drink only distilled water ad libitum instead of tap water. Each meal was prepared by a well trained dietician and kept frozen until the analysis of energy content, protein, carbohydrate and fat, and calcium, sodium, potassium and magnesium.
Two consecutive 24-h urinary samples were collected at the end of the normal calcium diet, and during and at the end of low-or high-calcium intake (Days 3 and 4, and Days 6 and 7) to determine 24-h sodium, potassium, calcium, phosphate, magnesium, hydroxyproline [8] and creatinine excretion. A venous blood sample was obtained at 0700 h after overnight fasting to determine the serum total and ionized calcium concentrations at the end of each period. Calcium was measured by atomic absorption spectrophotometry. Serum ionized calcium was determined with a calcium-selective electrode. In addition, the serum concentrations of BGP and PTH (middle portion) were determined by specific radioimmunoassay with commercial kits (BGP; CIS Biointernational, France, PTH; Yamasa Shoyu Co., Ltd., Japan). Antibody raised against purified bovine BGP cross-reacts with human BGP [9] . Anti-PTHantibody cross-reacts with PTH 39-84, but does not cross-react with PTH 1-34 or PTH 69-84 [10] . Serum 1,25(OH)2D3 was measured by radioreceptor assay after purification by HPLC [11] .
The averages of all measurements were used for subsequent analysis and all data were expressed as the mean•}SE, except where otherwise specified.
For statistical analysis, Student's t test was used.
When p value was less than 0.05, differences in data were considered to be statistically significant.
Results
The mean intakes of energy and nutrients are summarized in Table 1 . During the low-calcium diet, the women received 163•}1(SD) mg calcium (range 140-205mg) daily. To reduce the intake of calcium, the intakes of energy, lipid and phosphorus were lower than those in the control diet, whereas carbohydrate and protein intakes were increased during the low-calcium diet. The ratio of polyunsaturated fatty acids to saturated fatty acids in the experimental diet was higher than that in the control diet. In addition, the intake of minerals such as sodium and magnesium was higher than during the control period. The high-calcium group received almost the same dietary content, except that their calcium intake amounted to 3,163•}1 (3,140-3,205) mg/day. was not altered by changes in dietary calcium intake. Manipulation of the dietary calcium content did not affect the serum calcium and inorganic phosphate level. However, the serum level of ionized calcium significantly increased after either calcium loading or restriction. The serum level of PTH was significantly suppressed by high calcium intake, whereas during low calcium intake, the 1,25(OH)2D3 concentration was augmented without any significant changes in the serum PTH level. Alkaline phosphatase did not show any changes after calcium restriction or supplementation. One interesting observation was that urinary excretion of hydroxyproline was significantly increased 3 days after calcium restriction and returned to the baseline levels after 6 days. The serum BGP concentration was significantly augmented 6 days after calcium restriction. Individual data are shown in Fig. 1 .
Discussion
The present study demonstrated that low calcium intake augmented the level of serum BGP. Calcium intake employed in the present study was extraordinary high or low. In fact, the concentration of serum ionized calcium was increased not only during calcium loading but also during calcium restriction, indicating that calcium may be mobilized from bones during low calcium intake. This hypothesis was also supported by the concomitant increase in urinary hydroxyproline excretion. Hydroxyproline excretion has been considered to occur as a result of degradation of extracellular as well as newly synthesized collagen [8] . Thus, although alkaline phosphatase activity did not show any changes or any relationship with the serum BGP level, an increase in serum BGP may be considered to reflect bone turnover, especially bone formation during calcium restriction. Discrepancies between the level of alkaline phosphatase and BGP may represent different aspects of osteoblast function. In fact, changes in serum BGP have been shown to precede those in bone alkaline phosphatase activity by 1-2 months in oophorectomized women as well as during estrogen treatment [ 12] . An increased concentration of 1,25(OH)2D3 during calcium deprivation, which is known to result in bone remodelling, may accelerate BGP formation in the bone. In fact, it has been reported that serum BGP concentrations were decreased by 50% in rats fed vitamin Ddeficient chow for 7 weeks [ 13] , and increased by oral administration of 1,25(OH)2D3 for one to three weeks in X-linked hypophosphatemia or autosomal recessive vitamin D-dependence [ 14] . On the other hand, in the present study, PTH levels did not differ from the basal levels. Thus, it is likely that the increase in PTH immediately after the reduction of calcium intake is not as large as reported previously [ 15] . Alternatively, a reduction in phosphate intake may attenuate PTH secretion, although the serum inorganic phosphate level was not altered. The other possibility is that what we determined was only the middle portion of PTH, but not the intact PTH. The assay for the midportion PTH may not reflect the intact PTH secreted into the circulation.
In summary, calcium restriction in healthy women causes, as early as one week later, an increase in serum 1,25(OH)2D3 resulting in bone turnover associated with increase in serum BGP, which may be a good predictor of dietary calcium deficiency.
